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(57) A magnetic metal sensor having a high
response speed and which can detect small-sized metal
pieces and can elongate the separation from the metal
pieces. A magnetic metal sensor 2 has a core 22 defin-
ing a substantially U-shaped open magnetic path and
coils 23, 24 of the same polarity mounted on the core
22. A uniform magnetic field along the direction of mag-
netic sensitivity is applied by a magnet 25 across the
coils 23, 24. If magnetic metal approaches to a open
magnetic path portion of the core 22 of the magnetic
metal sensor 2, the magnetic reluctance of the magnetic
circuit formed by the core and air is changed, as a result
of which the impedance of the cores 23, 24 is changed.
The magnetic metal sensor 2 detects the possible pres-
ence of magnetic metal or its displacement based on
impedance changes of the paired coils 23, 24.

Magnetic metal sensor and method for detecting magnetic metal
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Description

BACKGROUND OF THE INVENTION
Field of the invention

This invention relates to a magnetic metal sensor
for detecting a magnetic metal piece and a method for
detecting magnetic metal using the magnetic metal sen-
sor. As an example, the present invention relates to a
magnetic metal sensor for detecting the possible pres-
ence of a magnetic metal piece or its displacement, a
magnetic metal sensor for detecting a plurality of mag-
netic metal pieces from a unit under detection com-
prised of the magnetic metal pieces arranged side-by-
side at a pre-set separation from one another.

Related Art

There has hitherto been known an eddy-current
type sensor as a magnetic metal sensor for detecting
the possible presence or displacement of magnetic
metal.

This type of the magnetic metal sensor is desired to
be used in a system, such as a machine tool for detect-
ing the number of teeth of a gear for controlling the rpm
of the rotational angle of the gear, or in a system for
detecting the number of teeth used for knitting fibers in
a knitting machine for cloths or chemical fibers for con-
trolling the movement positions of the knitting bar of a
comb-shaped knitting bar.

The magnetic metal sensor is also desired to be
used in a system for judging whether or not a robot arm,
for example, has approached a pre-set position to con-
trol the arm position, or in a system for detecting the
slack or failure in tightening of a screw mounted on a
work in order to check the operating process.

Meanwhile, the magnetic metal sensor of the eddy-
current system is usually low in response rate. Thus,
with the magnetic metal sensor of the eddy-current sen-
sor, it has been difficult to detect a metal piece moved at
an elevated speed or plural metal pieces paced side-b-
side.

Also, the magnetic metal sensor of the eddy-current
system is suddenly lowered in output level if the metal
piece being detected is smaller in size than the coil
making up the sensor. Thus, with the magnetic metal
sensor of the eddy current system, it has been difficult
to detect metal pieces of small sizes.

In addition, with the eddy-current type magnetic
metal sensor, since the eddy current needs to flow
through the metal piece by magnetic induction, the
magnetic field applied from the coil to the metal piece
needs to be sufficiently large to render it difficult to pro-
vide a sufficient distance between the coil and the metal
piece.

By the above reason, it has been difficult to apply
the eddy-current type magnetic metal sensor to a sys-
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tem for controlling the system for a machine tool or a
system for controlling the destination of movement.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
magnetic metal sensor which is high in response speed
and capable of detecting a metal piece of a small size
and of increasing the separation thereof from the metal
piece.

It is another object of the present invention to pro-
vide a magnetic metal sensor capable of detecting plu-
ral magnetic metal pieces arranged side-by-side at a
pre-set separation A and which is high in the response
rate while being capable of detecting a metal piece of a
small size and increasing the separation thereof from
the metal piece.

It is still another object of the present invention to
provide a magnetic metal sensor adapted for detecting
plural metal pieces arranged side-by-side and for
detecting magnetic metal pieces lying proximate to the
sensor.

It is yet another object of the present invention to
provide a method for detecting plural magnetic metal
pieces arranged side-by-side at a pre-set separation A
which is high in the response rate and which is capable
of detecting a metal piece of a small size and increasing
the separation thereof from the metal piece.

In one aspect, the present invention provides a
magnetic metal sensor including a pair of coils ener-
gized by the current of a pre-set frequency for generat-
ing the magnetic field in a pre-set direction, a core
formed of a high magnetic permeability material having
a first portion, a second portion and a third portion,
magnetic field generating means for applying to the
core a magnetic field along the direction parallel to the
magnetic field generated by the paired coils and detec-
tion means for detecting from the paired coils the mag-
netic field which is varied by magnetic metal
approaching to an open magnetic path portion of the
core. The core constitutes an open magnetic path in its
entirety. The first portion carries one of the paired coils,
the second portion carries the other coil and the third
portion interconnects one ends of the first and second
portions along the direction parallel to the direction of
the magnetic field generated by the paired coils.

In the magnetic metal sensor, as magnetic metal
approaches to the open magnetic path portion of the
core, the magnetic circuit defined by the core and air is
varied in magnetic reluctance to cause variations in the
impedance of the paired coils. Based on changes in
impedance of the paired coils, the magnetic metal sen-
sor detects the possible presence of magnetic metal or
its displacement. based on variations in the impedance
of the paired coils.

In another aspect, the present invention provides a
magnetic metal sensor including a pair of magnetic
impedance effect (MI) devices fed with the current of a
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pre-set frequency, magnetic field generating means for
applying to the paired M| devices a magnetic field along
the direction parallel to the direction of the supplied cur-
rent, and detection means for detecting from the paired
MI devices the magnetic field varied by magnetic metal
approaching the paired M| devices.

If, in the magnetic metal sensor, magnetic metal
approaches to the paired M| devices, the magnetic cir-
cuit defined by the MI devices and air is changed in
magnetic reluctance to change the impedances of the
paired M| devices. The magnetic metal sensor detects
the possible presence or displacement of magnetic
metal based on impedance changes of the paired Ml
devices.

In still another aspect, the present invention pro-
vides a magnetic metal sensor moved relative to a unit
under detection comprised of a plurality of magnetic
metal pieces arrayed side-by-side at a pre-set interval A
along the direction of side-by-side arraying of the mag-
netic metal pieces for detecting the magnetic metal
pieces, in which the sensor includes a pair of magneto-
electric conversion units each having a magnetically
sensitive portion which responds to variations in the
magnetic field along the direction of magnetic sensitivity
and magnetic field generating means for applying the
magnetic field along the direction of magnetic sensitivity
to the magnetically sensitive portions of the paired mag-
neto-electric conversion units. The magnetically sensi-
tive portions are provided in the paired magneto-electric
conversion units so that the magnetically sensitive por-
tions is of the same polarity and so that the direction of
magnetic sensitivity is perpendicular to the direction of
side-by-side arraying of the magnetic metal pieces. The
magnetically sensitive portions are provided so that the
separation ¢g' between neighboring magnetic metal
pieces along the movement direction is given by:

g’ =(n+ 1/2)Ar

where A is the above-defined pre-set interval and nis an
integer not less than 0.

With the present magnetic metal sensor, the mag-
netically sensitive portions are sequentially responsive
to the magnetic metal pieces arranged side-by-side. If
the magnetically sensitive portion of one of the mag-
neto-electric conversion units responds to one of the
magnetic metal pieces, the magnetically sensitive por-
tion of the other magneto-electric conversion unit
responds to none of the magnetic metal pieces. Thus,
with the present magnetic metal sensor, the difference
of detection signals of the paired magneto-electric con-
version units is deflected on the plus and minus sides
about the value of the difference of the detection signals
in the absence of response of both magneto-electric
conversion units as center. The magnetic metal sensor
detects the position of relative movement from the
member under detection based on the difference of the
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detection signals of the paired magneto-electric conver-
sion units.

In still another aspect, the present invention pro-
vides a magnetic metal sensor including a pair of mag-
neto-electric conversion units each having a
magnetically sensitive portion which responds to varia-
tions in the magnetic field along the direction of mag-
netic sensitivity, magnetic field generating means for
applying the magnetic field along the direction of mag-
netic sensitivity to the magnetically sensitive portions of
the paired magneto-electric conversion units and
switching means for switching the polarity in the direc-
tion of magnetic sensitivity of one of the magnetically
sensitive portions of the paired magneto-electric con-
version units.

Responsive to the switching of the switching
means, the magnetic metal sensor is moved relative to
the member under detection comprised of plural mag-
netic metal pieces arrayed side-by-side at a pre-set
interval for detecting the number of magnetic metal
pieces or the approaching state to the magnetic metal
pieces.

In yet another aspect, the present invention pro-
vides a method for detecting magnetic metal for detect-
ing a plurality of magnetic metal pieces arrayed side-by-
side at a pre-set interval, in which the method includes
arraying a magnetic metal sensor having a pair of mag-
neto-electric conversion units in turn having magneti-
cally sensitive devices responding to variations in the
magnetic field along the direction of magnetic sensitivity
and a magnetic field generator for applying a magnetic
field along the direction of magnetic sensitivity to the
magnetically sensitive devices of the paired magneto-
electric conversion units, so that the direction of mag-
netic sensitivity of the magnetically sensitive devices is
perpendicular to the side-by-side arraying direction of
the magnetic metal pieces and so that the magnetically
sensitive devices are of the same polarity. The magnet-
ically sensitive devices are arrayed so that the separa-
tion g between neighboring magnetically sensitive
devices will be given by

g’ = (n+ 1/2)A

where n is an integer not less than 0.

The method also includes moving the magnetic
metal sensor along the side-by-side arraying direction of
the magnetic metal pieces, detecting detection signals
of the paired magneto-electric conversion units and
comparing detection signals from the paired magneto-
electric conversion units for detecting the magnetic
metal pieces.

With the method for detecting magnetic metal, the
magnetic metal sensor is moved relative to the plural
magnetic metal pieces, arranged side-by-side, so that
the magnetically sensitive devices are sequentially sen-
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sitive to the magnetic metal pieces, arranged side-by-
side. If the magnetically sensitive device of one of the
magneto-electric conversion units responds to one of
the magnetic metal pieces, the magnetically sensitive
device of the opposite side magneto-electric conversion
unit is responsive to none of the magnetic metal pieces.
Therefore, with the present magnetic metal detection
method, the difference of the detection signals of the
paired magneto-electric conversion units is deviated on
the plus and minus sides of the difference of the detec-
tion signals that is produced when none of the magneti-
cally sensitive devices is responding to the magnetic
metal pieces. With the present magnetic metal detec-
tion method, plural magnetic metal pieces arrayed side-
by-side at an interval A is detected based on the differ-
ence of the detection signals of the paired magneto-
electric conversion units.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a perspective view showing a metal piece
counter employing a first embodiment of a mag-
netic metal sensor.

Fig.2 is a plan view showing essential portions of a
member under detection of the metal piece counter.
Fig.3 is a side view of a metal piece of the member
under detection of the metal piece counter.

Fig.4 is a partial cross-sectional view of the mag-
netic metal sensor of the metal piece counter.

Fig.5 shows the shape of a core of a magnetically
sensitive portion provided on the magnetic metal
sensor.

Fig.6 shows the magnetically sensitive portion hav-
ing a coil wrapped around the core.

Fig.7 is a circuit diagram showing a driving detec-
tion circuit of the magnetic metal sensor.

Fig.8 shows the relative disposition of the member
under detection and the magnetic metal sensor.
Fig.9 illustrates a magnetic circuit formed in case
the metal piece is not proximate to the magnetic
metal sensor.

Fig.10 illustrates a magnetic circuit formed in case
the metal piece is proximate to the magnetic metal
sensor.

Fig.11 illustrates the impedance of each coil when
the metal piece is not proximate to the magnetic
metal sensor.

Fig.12 illustrates the impedance of each coil when
the metal piece is proximate to the magnetic metal
sensor.

Fig.13a illustrates the voltage level of an output sig-
nal of a driving detection circuit.

Fig.13b illustrates the voltage level of a signal con-
verted from the output signal of the driving detec-
tion circuit to a bi-level signal at a pre-set threshold
level

Fig.14 is a perspective view of a metal piece coun-
ter employing the second embodiment of the mag-
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netic metal sensor.

Fig.15 is a partial cross-sectional view of a mag-
netic metal sensor of the metal piece counter.
Fig.16 is a circuit diagram showing a driving detec-
tion circuit of the magnetic metal sensor.

Fig.17 shows the relative disposition between the
magnetic metal sensor and the member under
detection.

Fig.18 illustrates the operation of detection a metal
piece by the magnetic metal sensor employed as
the metal piece counter.

Fig.19 illustrates the operation of detection a metal
piece by the magnetic metal sensor employed as
the metal piece counter.

Fig.20 shows the output voltage level of the driving
detection circuit relative to the position of relative
movement between the member under detection
and the magnetic metal sensor.

Fig.21 illustrates the operation of detecting the
metal piece by the magnetic metal sensor in case
the magnetic metal sensor is used as a proximity
sensor.

Fig.22 illustrates a Ml device.

Fig.23 illustrates the disposition of the second
embodiment the magnetic metal sensor in case of
using the MI device.

Fig.24 is a circuit diagram of a driving detection cir-
cuit of the magnetic metal sensor employing the MI
device.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments
(first and second embodiments) of the magnetic metal
sensor of the present invention will be explained in
detail.

Fig.1 shows a perspective view of a metal piece
counter employing a magnetic metal sensor of the first
embodiment of the present invention. This metal piece
counter detects the position of movement of a member
under detection having its plural magnetic metal pieces
arranged side-by-side at pre-set separation from one
another.

Referring to Fig.1, the metal piece counter is made
up of a member under detection 1 and a magnetic metal
sensor 2 secured to a sensor support block 3.

The member under detection 1 includes a plurality
of metal pieces 11 arrayed side-by-side at a pre-set
separation A from one another. These metal pieces 11
are formed of magnetic metal, such as iron, and are par-
allelepipedic in shape. These metal pieces 11 have one
longitudinal ends secured to an indicator 12 to consti-
tute together the member under detection 1.

Referring to the plan view of Fig.2 and the side view
of Fig.3 looking from the direction A of Fig.2, the length
11, width w1 and the height h1 of each metal piece 11
are 5.0 mm, 0.5 mm and 2.0 mm, respectively. The sep-
aration A of the metal pieces 11 is 1.0 mm. The lateral
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side of the metal piece 11 looking from the direction A
shown in Fig.2, that is the lateral side on the end of the
metal piece 11 opposite to the end mounted on the indi-
cator 12, is herein termed a surface under detection
11a.

The lateral side of the indicator 12 of the member
under detection 1 carries a driving shaft 13 connected
to a driving unit, not shown, adapted for moving the
member under detection 1 by translating movement in
the direction indicated by arrows a4 and ap, correspond-
ing to the arraying direction of the metal pieces 11,
under control by a driving circuit, also not shown.

Fig.4 shows the structure of the magnetic metal
sensor 2.

The magnetic metal sensor 2 includes a magneti-
cally sensitive unit 21, comprised of a substantially U-
shaped open magnetic path type core 22 and coils 23,
24 wrapped thereon, and a magnet 25 for applying a
magnetic field to the magnetically sensitive unit 21.

The core 22 of the magnetically sensitive unit 21
includes substantially parallelepipedic extensions 22a,
22b arranged parallel to each other with a pre-set gap
width 4, as shown in Fig.5. These extensions 22a, 22b
have one longitudinal ends connected integrally to a
web 22¢ to constitute together the substantially U-
shaped core 22. This core 22 is formed of a soft mag-
netic material, such as amorphous material, e.g., Per-
malloy of the NiFe composition or Fe, Co, Si and B.

The core 22 is sized so that the length 12, width w2
and the height h2 of each of the extensions 22a, 22b are
3.5 mm, 0.5 mm and 0.,05 mm, respectively. The gap
width 4 between the extensions 22a, 22b is 1.0 mm, with
the length 13, width w3 and the height h2 of the core 22
in its entirety being 5.0 mm, 2.0 mm and 0.05 mm,
respectively.

The coils 23, 24 are wrapped about the extensions
22a, 22b of the core 22, using the outer peripheral sur-
faces of tubular bobbins 29a, 29b as guides, as shown
in Fig.6. These coils 23, 24 are wrapped so that the
center axes thereof run parallel to the longitudinal direc-
tion of the extensions 22a, 22b. The coils 23, 24 are
each comprised of 50 turns of a copper wire 0.05 mmin
diameter.

The above-described m21 exhibits extremely high
sensitivity to the external magnetic field entering the
magnetically sensitive unit 21 in a direction parallel to
the longitudinal direction of the extensions 22a, 22b of
the core indicated x in Fig.5. The magnetically sensitive
unit 21 also undergoes impedance changes at an
extremely large rate of change with respect to the exter-
nal magnetic field applied to the magnetically sensitive
unit 21 in a direction parallel to the direction x. This lon-
gitudinal direction of the extensions 22a, 22b of the core
22, that is the direction x n Fig.5, is refereed to herein as
the magnetically sensitive direction of the magnetically
sensitive unit 21.

The coils 23, 24 of the magnetically sensitive unit
21 are energized with the high frequency pulse current.
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It should be noted that the winding directions of the coils
23, 24 and the flowing direction of the energizing high
frequency pulse current are selected so that the mag-
netic field generated by the coils 23, 24 are of opposite
polarities to each other. That is, the magnetic field H1
generated in the coil 23 is opposite in direction to the
magnetic field H1' generated in the coil 24. If, for exam-
ple, the winding direction of the coil 23 is the same as
that of the coil 24, these coils 23, 24 are energized by
the reverse-phased high frequency pulse currents,
whereas, if the winding direction of the coil 23 is oppo-
site to that of the coil 24, these coils 23, 24 are ener-
gized by the co-phased high frequency pulse currents.

These coils 23, 24 are connected on a terminal
block 26 to signal lines 31, 32, 33 via which the coils are
connected to a driving detection circuit 30 provided out-
side of the magnetic metal sensor 2. The energizing
current is fed to the coils 23, 24 from the driving detec-
tion circuit which then detects an output.

Fig.7 shows the circuit diagram of the driving detec-
tion circuit 30.

The driving detection circuit 30 includes an oscilla-
tion circuit 34, a switching circuit 35 for switching
between driving currents of the col 23, 24 based on
pulse signals from the oscillation circuit 34, a smoothing
circuit 36a for detecting and smoothing an output voli-
age of the coil 23, a smoothing circuit 36b for detecting
and smoothing an output voltage of the coil 24 and a dif-
ferential amplification circuit 37 for amplifying the differ-
ence between smoothed output voltages of the coils 23,
24,

The coils 23, 24 are connected in parallel as shown
in Fig.7. The coil 23 has its one end fed with the source
voltage Vcc via resistor R1 and has its other end
grounded via switching circuit 35. The coil 24 has its
one end fed with the source voltage Vcc via resistor R2
of the same resistance magnitude as the resistor R1
and has its other end grounded via switching circuit 35.
The coils 23, 24 have respective detection outputs
retrieved at the junction points to the resistors r1 and
recording head control circuit 2, respectively.

The oscillation circuit 34 generates pulse signals
with a frequency of 1 MHz and a duty ratio of 1:10.
Based on these pulse signals, the switching circuit 35
switches between the currents flowing in the parallel-
connected coils 23, 24. This energizes the coils 23, 24
with the high frequency pulse current.

The smoothing circuit 36a detects the voltage at the
junction between the coil 23 and the resistor R1 for
smoothing the detected voltage. On the other hand, the
smoothing circuit 36b detects the voltage at the junction
between the coil 24 and the resistor R2 for smoothing
the detected voltage.

The differential amplification circuit 37 detects the
differential voltage between the output voltage of the
coil 23 smoothed by the smoothing circuit 36a and the
output voltage of the coil 24 smoothed by the smoothing
circuit 36b to produce an amplified differential signal
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which is fed to a control circuit 38.

The control circuit 38 detects the signal supplied
from the differential amplification circuit 37 to convert
the signal into bi-level signals at a pre-set threshold
level to find the number of detected metal pieces 11.
Thus, the control circuit 38 can detect the position of rel-
ative movement between the magnetic metal sensor 2
and the member under detection 1 by counting the
number of the metal pieces 11. Also, the control circuit
36 can detect the separation between the metal pieces
11 and the magnetic metal sensor 2 by detecting the
level of the signal supplied from the differential amplifi-
cation circuit 37.

Thus, the driving detection circuit 30 can energize
coils 23, 24 with the high frequency pulse current. The
driving detection circuit 30 energizes the coils 23, 24 so
that the magnetic field H1 generated by the coil 23 and
the magnetic field H2 generated by the coil 24 will be
reverse-phased relative to each other. The driving
detection circuit 30 also can detect a differential output
of the output voltages of the coils 23, 24.

The magnet 25 is positioned and secured by a posi-
tioning portion 25a at a pre-set separation from the
magnetically sensitive unit 21 in order to apply to the
magnetically sensitive unit 21 a uniform magnetic field
parallel to the magnetically sensitive direction. This
magnet 25 is mounted facing the web 22¢ of the mag-
netically sensitive unit 21 in order to apply to the mag-
netically sensitive unit 21 the magnetic field parallel to
the magnetically sensitive direction from the web 22¢ of
the core 22. For example, the magnet 25 is a parallele-
pipedic ferrite magnet 1 X 1 X 2 mm in size and is
arranged so that its 1 X 2 mm surface will face the web
22¢ of the magnetically sensitive unit 21. In this case,
the magnet 25 is magnetized to the surface magnetic
flux density of approximately 600G in a direction per-
pendicular to the 1 X2 mm surface. The magnet 25 may
be arranged with its N-pole side or S-pole side facing
the web 22¢ if only the uniform magnetic field parallel to
the magnetically sensitive direction is applied across
the magnetically sensitive unit 21.

The distance Ix between the magnetically sensitive
unit 21 and the magnet 25 is determined depending on
the strength of the magnet 25 and impedance charac-
teristics of the m21 with respect to the magnetic field.
Specifically, a magnetic field proper to the magnet 25 is
applied across both coils 23, 24 in order to detect the
maximum value of the differential output of the coils 23,
24 (such as the differential output at the most proximate
position of the magnet 25 to the web 22¢ of the core 22)
and the minimum value of the differential output of the
coils 23 and 24 (such as the differential output when the
magnet 25 is infinitely remote from the web 22¢ oft the
core 22. Such a position s found at which the differential
output is intermediate between these detected values
and the distance at this time between the magnetically
sensitive unit 21 and the magnet 25 is determined as
the distance Ix. In the above magnetically sensitive unit
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21 and the magnet 25, this distance Ix may be set at 2
mm.

The magnet 25 may also be a Sm- based or ZnMn-
based permanent magnet or an electro-magnet, instead
of a ferrite magnet. If the electro-magnet is used as the
magnet 25, the generated magnetic field can be control-
led by the current magnitude, so that the adjustment of
the distance Ix may be made in dependence upon this
current value.

The above-described magnet 25 can apply the bias
magnetic field in the magnetically sensitive direction to
the magnetically sensitive unit 21. Therefore, the mag-
netically sensitive unit 21 can be used in an area in
which impedance changes relative to the magnetic field
21 are linear and exhibit steep characteristics.

The magnetically sensitive unit 21, comprised of
the substantially U-shaped open magnetic path type
core 22 about which are wrapped the coils 23, 24 and
the magnet 25 for applying the magnetic field in the
magnetically sensitive direction to the magnetically sen-
sitive unit 21, is accommodated in an aluminum casing
27, along with an epoxy resin sealed together therein for
protection, in order to constitute together the magnetic
metal sensor 2.

The magnetic metal sensor 2 described above has
the magnetically sensitive unit 21 having the core 22
defining the open magnetic path, and the magnetic field
in the magnetically sensitive direction is applied by the
magnet 25 to the magnetically sensitive unit 21. On the
core 22 of the magnetically sensitive unit 21 are
mounted the coils 23, 24 which are arranged parallel to
each other so that the generated magnetic fields gener-
ated therein as a result of energization will be opposite
in polarity. Thus, if magnetic metal approaches the coils
23, 24 wrapped about the core 22, the magnetic field
generated by the magnet 25 is disturbed and changed.
Since the coils 23, 24 of the magnetic metal sensor 2
are energized so as to be reversed in polarity, the differ-
ence in impedance between the coils 23, 23 is varied
responsive to the separation thereof from the approach-
ing magnetic metal. Therefore, the distance of the sen-
sor from the metal piece 11 can be detected by
detecting the differential voltage across the coils 23, 24.

The relative disposition between the member for
detection 1 and the magnetic metal sensor 2 is
explained.

The member under detection 1 is moved by the
driving unit in translation in the direction indicated by
arrow a4 and a, in Fig.1, that is in the side-by-side array-
ing direction of the metal pieces 11, as described
above, while the magnetic metal sensor 2 is stationarily
mounted on a sensor mounting block 3. If the member
under detection 1 is moved in translation relative to the
side-by-side arraying direction of the metal pieces 11,
the magnetic metal sensor 2 is mounted so that each
metal piece 11 has its surface under detection 11a
faced by an opening of the U-shaped core 22 of the
magnetically sensitive unit 21. That is, the magnetic
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metal sensor 2 is arranged so that the direction of mag-
netic sensitivity of the magnetically sensitive unit 21
(direction x in Fig.5) coincides with the longitudinal
direction of the metal pieces 11 and perpendicular to
the movement directions a1, a2 of the member under
detection 1.

The magnetic metal sensor 2 also is arranged so
that a straight line L interconnecting the extensions 22a
and 22b of the magnetically sensitive unit 21 will be per-
pendicular relative to the movement directions a1, a2 of
the member under detection 1, as shown in Fig.8.

By setting the relative disposition between the
member under detection 1 and the magnetic metal sen-
sor 2 as described above, a detection output of the
magnetic metal sensor 2 repeats the following state:
That is, the magnetic metal sensor 2 repeats the state in
which the opening of the U-shaped core 22 is facing the
surface under detection 11a of one of the metal pieces
11 and the state in which the opening of the U-shaped
core 22 is not facing the surfaces under detection 11a of
the metal pieces 11. Thus, the detection output of the
magnetic metal sensor 2 is such that the differential volt-
age across the coils 23, 24 is repeatedly increased or
decreased about the pre-set threshold voltage as
center.

Thus, with the magnetic metal sensor 2, the move-
ment position of the member under detection 1 can be
detected by converting the differential voltage alter-
nately increased and decreased responsive to relative
movement between the sensor and the member under
detection 1 into bi-level signals with a pre-set threshold
voltage and by counting the results of the bi-level con-
version.

The operation of detecting the metal pieces 11 of
the magnetic metal sensor 2 is hereinafter explained.

First, the detection output of the magnetic metal
sensor 2 in case a sole metal piece 11 is moved from
the coil 23 to the coil 24 of the magnetic metal sensor 2
is explained with reference to Figs.9 to 12.

If the magnetic metal sensor 2 is not approaching to
the metal piece 11, that is if the opening of the U-
shaped core 22 is not facing the surface under detection
11a of the metal piece 11, the magnetic flux emanating
from the magnetic field produced by the magnet 25
traverses the magnetic circuit made up of the core 22
and the ambient air. Since the magnetic permeability of
air is small, the magnetic reluctance of the magnetic cir-
cuit in its entirety is increased. The amount of the mag-
netic flux traversing the magnetic circuit at this time is
denoted as ¢ 1.

Conversely, if the magnetic metal sensor 2 is
approaching to the metal piece 11, that is if the opening
of the U-shaped core 22 is facing the surface under
detection 11a of the metal piece 11, the magnetic flux
emanating from the magnetic field produced by the
magnet 25 traverses the magnetic circuit made up of the
core 22, the ambient air and the metal piece 11. Since
the metal piece 11 is formed of magnetic metal and
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hence is of large magnetic permeability, the magnetic
reluctance of the magnetic circuit in its entirety is
decreased. The amount of the magnetic flux traversing
the magnetic circuit at this time is denoted as ¢ 2.
Therefore, the magnetic flux ¢ 2 is larger than the mag-
netic flux ¢ 1.

The coils 23, 24 are energized with the high fre-
quency pulse current for generating magnetic fields of
different polarities. The magnetic flux traversing the
coils 23, 24 is the sum of the magnetic flux produced on
energization by this high frequency pulse current and
that generated by the magnet 25. Therefore, the amount
of the magnetic flux traversing the coil 23 differs from
that traversing the coil 24 so that the impedance of the
coil 23 differs from that of the coil 24.

Thus, if the magnetic metal sensor 2 is not
approaching to the metal piece 11, there is produced a
difference between the value of the impedance of the
coil 23 and that of the coil 24, as shown in Fig.11. For
example, the impedance of the coil 23 is larger than that
of the coil 24. If the magnetic metal sensor 2
approaches to the metal piece 11 from this state, the
magnetic flux through the coil generating the magnetic
field of the same direction as the direction of the mag-
netic field produced by the magnet 25 is increased,
while the magnetic flux through the coil generating the
magnetic field reversed in direction from the magnetic
field generated by the magnet 25 is decreased. The
result is that the impedance of the coil 23 is increased,
while that of the coil 24 is decreased. Thus, when the
magnetic metal sensor 2 approaches to the metal piece
11, the difference between the impedance of the coil 23
and that of the coil 24 is much larger the difference
between the difference between the impedance of the
coil 23 and that of the coil 24 when the magnetic metal
sensor 2 is not close to the metal piece 11, as shown in
Fig.12. For example, the impedance of the coil 23 is
much larger than that of the coil 24.

Thus, the impedances of the coils 23, 24 are
changed responsive to the distance of the magnetic
metal sensor 2 from the metal piece 11. Therefore, with
the magnetic metal sensor 2, the distance of the sensor
from the metal piece 11 can be detected by detecting
the voltage difference between the coils 23 and 24.

Referring to Figs.13a and 13b, the detection output
in case the magnetic metal sensor 2 is moved relative to
plural metal pieces 11 arranged side-by-side with a sep-
aration A relative to one another is explained. In these
figures, the distance of relative movement of the mag-
netic metal sensor 2 to the plural metal pieces 11 is plot-
ted on the abscissa in Figs.13a and 13b. Figs13a and
13b show the voltage level of an output signal of a driv-
ing detection circuit 30 and the voltage level of a bi-level
signal obtained on slicing the output voltage of the driv-
ing detection circuit 30 at a pre-set threshold level.

If the magnetic metal sensor 2 is moved relative to
the plural metal pieces 11 arranged side-by-side with a
separation 2 relative to one another, a differential volt-
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age output between the voltage across the coil 23 and
that across the coil 24 is spatially varied in voltage level,
with the relative movement distance of 1 mm as a
period, as shown in Fig.13a. When the magnetic metal
sensor 2 is facing the metal piece 11, this differential
voltage output reaches a peak (p1 to p5) when the mag-
netic metal sensor 2 is facing a given metal piece 11.

By converting the differential voltage output
between the voltage across the coil 23 and that across
the coil 24 into bi-level signals at a pre-set threshold
level Vth, on/off signals can be produced, as shown in
Fig.13b.

By moving the magnetic metal sensor 2 relative to
the plural metal pieces 11 arrayed side-by-side at a sep-
aration A from one another, converting the differential
voltage between the voltage across the coil 23 and that
across the coil 24 into corresponding bi-level signals
and counting the resulting bi-level signal, the position of
movement of the member under detection 1 can be
detected, as described above. Since the magnetic
metal sensor 2 senses the distance from the metal
piece 11 or the possible presence of the metal piece 11,
based on changes in the amount of the magnetic flux
due to the magnetic field emanating from the magnet
25, small-sized metal pieces 11 or thin metal pieces 11
can be detected without lowering the output level.

Also, since it suffices with the present magnetic
metal sensor 2 to set the magnetic field emanating from
the magnet 25 responsive to the separation thereof
from the metal pieces 11, it is possible to increase the
separation between the sensor and the metal pieces 11.

Moreover, if, with the magnetic metal sensor 2,
another magnetic metal sensor is arranged with an off-
set of (m £ 1/4)), m being an integer, in the direction of
relative movement from the magnetic metal sensor 2, a
two-phase signal can be produced which is made up of
the signal shown in Fig.13b and the same signal having
a phase difference of 90° relative thereto. Therefore,
since a signal outputting the amount of relative move-
ment can be produced based on this two-phase signal,
a position detection unit can be constituted using the
modified magnetic metal sensor 2.

A second embodiment of the magnetic metal sen-
sor of the present invention is hereinafter explained.
The parts and components which are the same as
those of the first embodiment are depicted by the same
reference numerals and the corresponding description
is omitted for simplicity.

First, the magnetic metal sensor of the second
embodiment, applied to a metal piece counter for
detecting the movement position of the member under
detection having the magnetic metal pieces arrayed
side-by-side in a pre-set separation from one another, is
explained with reference to the drawings.

Fig.14 shows a perspective view showing a metal
piece counter.

The metal piece counter is made up of a member
under detection 1 and a magnetic metal sensor 40
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secured to the sensor mounting block 3.

Fig.15 shows the structure of the magnetic metal
sensor 40.

The magnetic metal sensor 40 is comprised of a
magnetically sensitive unit having a substantially U-
shaped open magnetic circuit type core 22, about which
saree wrapped coils 23 and 24, and a magnet 25 for
applying a magnetic field across the magnetically sensi-
tive unit 21.

The magnetically sensitive unit 21 has an extremely
high sensitivity to the external magnetic field applied
parallel to the longitudinal direction of the extensions
22a, 22b of the core 22. The magnetically sensitive unit
21 also undergoes impedance changes of an extremely
high rate of change against the external magnetic field
applied in a direction parallel to the direction of mag-
netic sensitivity.

The coils 23, 24 of the magnetically sensitive unit
21 are energized with the
high frequency pulse current. If the magnetic metal sen-
sor 40 is applied to the metal piece counter, the winding
direction of the coils 23, 24 and the current flow direc-
tion of the high frequency energizing pulse current are
selected so as to have the same polarity, that is so that
the magnetic field H1 generated in the coil 23 will be of
the same direction as the magnetic field H1' generated
in the coil 24. For example, if the winding direction of the
coils 23, 24 is the same, these coils 23, 24 are ener-
gized by the high frequency pulse currents in-phase to
each other. Conversely, if the winding direction of the
coils 23, 24 is reversed relative to each other, these
coils 23, 24 are energized by the high frequency pulse
currents opposite in phase relative to each other.

If the magnetic metal sensor 40 is used as a prox-
imity sensor, the winding direction of the coils 23, 24
and the current flow direction of the high frequency
energizing pulse current are selected so as to have the
opposite polarity, that is so that the magnetic field H1
generated in the coil 23 will be opposite in direction to
the magnetic field H1' generated in the coil 24. For
example, if the winding direction of the coils 23, 24 is the
same, these coils 23, 24 are energized by the high fre-
quency pulse currents opposite in phase to each other.
Conversely, if the winding direction of the coils 23, 24 is
reversed relative to each other, these coils 23, 24 are
energized by the high frequency pulse currents oppo-
site in phase relative to each other.

Thus, in order for the col 24 of the magnetically sen-
sitive unit 21 to be opposite in polarity in case of using
the magnetic metal sensor 40 as a proximity sensor, a
changeover switch is provided in the driving detection
circuit as later explained. The manner of using the mag-
netic metal sensor 40 as the proximity sensor will be
explained subsequently in detail.

These coils 23, 24 are connected on a terminal
block 26 with signals lines 31 to 33 via which the coils
are connected to a driving detection circuit provided
externally of the magnetic metal sensor 40. These coils
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23, 24 are fed with the energizing current from the driv-
ing detection circuit which then detects an output.

Fig.16 shows a circuit diagram of the driving detec-
tion circuit 41.

The driving detection circuit 41 includes an oscilla-
tion circuit 34, a switching circuit 35 for switching
between energizing currents of the col 23, 24 based on
pulse signals from the oscillation circuit 34, a smoothing
circuit 36
for detecting and smoothing an output voltage of the
coils 23, 24, a reference voltage circuit 42 for setting the
threshold level of the coils 23, 24 and a comparator cir-
cuit 43 for comparing the smoothed output of the coils
23, 24 and the threshold level.

The driving detection circuit 41 also includes
switches S1, S1', 82, 82" for switching the direction of
the energizing current flowing in the coil 24 to reverse
the polarity of the coil 24.

The coil 23 of the magnetically sensitive unit 21 has
its one end and other end connected to a source voltage
Vcc and to a median point M, respectively.

The coil 24 of the magnetically sensitive unit 21 has
its one end connected via switch S1 to the median point
M and via switch S2 to the switching circuit 35. The coil
24 of the magnetically sensitive unit 21 also has its
other end connected via switch S1' to the switching cir-
cuit 35 and via switch S2' to the median point M.

The switches S1, S1', 82, 82’ are turned on/off in
association operatively with each other for switching the
direction of the energizing current of the coil 24.

If the magnetic metal sensor 40 is applied to the
metal piece counter, the switches S1, S1' are tuned on,
while the switches S2, S2' are turned off to connect the
coils 23, 24 in series with each other. At this time, the
coils 23, 24 are of the same polarity.

If the magnetic metal sensor 40 is applied to prox-
imity sensor, as later explained, the switches S1, S1'are
tuned off, while the switches S2, S2' are turned on to
connect the coils 23, 24 in series with each other. At this
time, the coils 23, 24 are of the opposite polarity.

The oscillator circuit 34 generates pulse signals of
the frequency of 1 MHz and the duty ratio of 1:1. Based
on these pulse signals, the switching circuit 35 switches
the current flowing in the series-connected coils 23, 24.
This energizes the coils 23, 24 with the high frequency
pulse current.

The smoothing circuit 36 detects the voltage of the
median point M of the series-connected coils 23, 24 for
smoothing the detected voltage. The reference voltage
circuit 42 divides the source voltage by a resistor of a
pre-set value to generate a reference voltage. This ref-
erence voltage is sent to the comparator circuit 43 as a
threshold level of the output level of the coils 23, 24.

As the value of the reference voltage, a voltage of
the median point M of the series-connected coils 23, 24
when the magnetic field or the metal is not approaching
to the magnetic metal sensor 40, is set. Specifically, if
the resistance value when there is no magnetic field or
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no rate of change to the magnetic field of the coils 23,
24, this reference voltage is set to one-half of the source
voltage Vcc.

The comparator circuit 43 compares the smoothed
voltage of the median point M of the coils 23, 24 sup-
plied from the smoothing circuit 36 to the reference volt-
age of the threshold level supplied from the reference
voltage circuit 42 to convert the voltage of the median
point M to send the resulting bi-level signal to the control
circuit 38.

This control circuit 38 counts the number of pulses
of the bi-level signal supplied from the comparator cir-
cuit 43 to find the number of detected metal pieces 11 in
order to detect from the detected number the position of
relative movement between the magnetic metal sensor
40 and the member under detection 1.

Thus, it is possible with the driving detection circuit
41 to energize the coils 23, 24 with the high frequency
pulse current or to detect the outputs of the coils 23, 24.

The magnet 25 is positioned and secured by a posi-
tioning portion 25a at a pre-set distance from the mag-
netically sensitive unit 21 in order to apply a uniform
magnetic field to the magnetically sensitive unit 21 in a
direction parallel to the direction of magnetic sensitivity.
This magnet 25 is provided at a position facing the con-
necting portion 22¢ of the magnetically sensitive unit 21
for applying a magnetic field parallel to the direction of
magnetic sensitivity to the magnetically sensitive unit 21
from the web 22¢ of the core 22. This magnet 25 may,
for example, be a parallelepipedic ferrite magnet sized 1
X1 X2 mm and is arranged so that the 1 X 2 mm sur-
face faces the web 22¢ of the magnetically sensitive unit
21. In this case, the magnet 25 is magnetized to a sur-
face magnetic flux density of, for example, approxi-
mately 600 G so that the flux will be perpendicular to the
1 X 2 mm surface.

The distance 1X between the magnetically sensi-
tive unit 21 and the magnet 25 is determined by the
intensity of the magnet 25 and impedance characteris-
tics of the magnetically sensitive unit 21 with respect to
the magnetic field. Specifically, the magnetic field ema-
nating from the magnet 25 is applied to one of the coils
23, 24 in order to detect the maximum and minimum
output values. The maximum and minimum values cor-
respond to the output of the saturated state of the mag-
netic field applied from the magnet 25 and to the output
in the absence of the magnetic field from the magnet,
respectively. Such a position which gives a median
value of the detected values is found and the distance
between the magnetically sensitive unit 21 and the
magnet 25 at this time is set as 1X. For example, in the
above-described magnetically sensitive unit 21 and the
magnet 25, the distance 1x is set as 2 mm.

The above-described magnet 25 can apply the bias
magnetic field in the magnetically sensitive direction.
Thus, the magnetically sensitive unit 21 can be used in
a range in which impedance changes are linear with
respect to the external magnetic field and impedance
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changes show steep characteristics.

The magnetically sensitive unit 21 comprised of the
substantially U-shaped open magnetic path type core
22 and the cored 22, 23 wrapped thereon and the mag-
net 25 adapted to apply the magnetic field in the mag-
netically sensitive direction to the magnetically sensitive
unit 21 are housed along with sealed epoxy resin in an
aluminum casing 27 to constitute the magnetic metal
sensor 40 in their entirety.

The magnetic metal sensor 40 has the magnetically
sensitive unit 21 having the core 22 defining the open
magnetic path and a magnetic field in the magnetically
sensitive direction is applied by the magnet 25 across
the magnetically sensitive unit 21. The core 22 of the
magnetically sensitive unit 21 is provided with the coils
23, 24 arranged side-by-side and having the same
polarity. Therefore, with the present magnetic metal
sensor 40, if magnetic metal approaches to one of the
coils 23, 24 wrapped around the core 22 provided on
the magnetically sensitive unit 21, the magnetic field
applied by the magnet 25 is changed. Thus, the mag-
netic metal sensor 40 detects changes in impedance
produced responsive to changes in the magnetic field to
detect whether or not magnetic metal has approached.

The arraying relation between the member under
detection 1 and the magnetic metal sensor 40 is now
explained.

The member under detection 1 is moved in transla-
tion by the driving unit in the direction a4, a, in Fig.14,
that is in the direction of side-by-side arraying of the
metal pieces 11, while the magnetic metal sensor 40 is
fixed on the sensor mounting block 3. Also, the mag-
netic metal sensor 40 is arranged so that, if the member
under detection 1 is moved in translation in the direction
of side-by-side arraying of the metal pieces 11, the sur-
face under detection 11a of each metal piece 11 is
faced by the opening of the U-shaped core 22 of the
magnetically sensitive unit 21. That is, the magnetic
metal sensor 40 is arranged so that the direction of
magnetic sensitivity of the magnetically sensitive unit 21
is coincident with the longitudinal direction of the metal
piece 11 and perpendicular to the movement direction
a1, a2 of the member under detection 1.

Also, the magnetic metal sensor 40 is arranged with
a pre-set angle so that the width g’ of the extensions
22a, 22b of the core 22 along the direction of movement
aq, ap, of the member under detection 1 is equal to
(n+1/2)A , where L is the separation between neighbor-
ing metal pieces 11 and n is an integer not less than 0.
That is, the magnetic metal sensor 40 is arranged on
the sensor mounting block 3 at a pre-set angle so that,
when the extension 22a of the core 22 faces the surface
under detection 11a of a given metal piece 11, the other
extension is not facing any of the surface under detec-
tions 11a.

For example, if the core 22 and the metal piece 11
are sized as defined above, the angle 6 between a line
interconnecting the extensions 22a, 22b and the direc-
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tions of movement a4, a, of the member under detection
1 can be defined by:

= cos-1((AL/2)/(W2 + @)
cos-1(0.5/1.5)

0
= 70.5°

By setting the arraying relation between the mem-
ber under detection 1 and the magnetic metal sensor 40
as described above, the detection output of the mag-
netic metal sensor 40 issued when the member under
detection 1 is moved in translation in the direction a,
and a, repeats the following states: That is, the detec-
tion output of the magnetic metal sensor 40 alternately
repeats the state in which the extension 22a is respon-
sive under the effect of a given metal piece 11 while the
extension 22b is not responsive under the effect of any
of the metal pieces 11 and the state in which the exten-
sion 22b is responsive under the effect of a given metal
piece 11 while the extension 22a is not responsive
under the effect of any of the metal pieces 11.

Thus, the position of movement of the member
under detection 1 can be detected by counting the alter-
nately repeated detection outputs.

The operation of detecting the metal piece 11 by
the magnetic metal sensor 40 is explained.

First, the detection output in case a given metal
piece 11 is moved from the coil 23 to the coil 24 of the
magnetic metal sensor 40 is explained with reference to
Fig.18. In Fig.18, the position of a sole metal piece 11
relative to the coils 22, 23 is indicated on the abscissa,
while the voltage of the median point M in case of the
series-connection of the coils 23, 24, as detected by the
driving detection circuit 41 shown in Fig.16, is indicated
on the ordinate. The threshold level on the ordinate
stands for the voltage of the median point M when the
magnetic field or metal is not close to the magnetic
metal sensor 40.

When the metal piece 11 is at a position P1 in which
it is not close to the coils 23, 24, the magnetic reluc-
tance of the magnetic circuit of the magnetic flux tra-
versing the coils 23, 24 is not changed, such that the
number of magnetic flux lines produced by the magnet
25 is not changed. Therefore, the impedance of the
coils 23 or 24 is not changed and hence the voltage of
the median point M is at a threshold level.

If the metal piece 11 approaches to the coil 23,
since the magnetic permeability of the metal piece 11 is
larger than that of air, the magnetic reluctance of the
magnetic flux traversing the coil 23 is decreased, while
the number of magnetic flux lines supplied by the mag-
net 25 is increased. Since the coil 24 is not responsive
to the metal piece 11, the magnetic flux traversing the
coil 24 is decreased in an amount corresponding to the
increased magnetic flux of the coil 23. Thus, as the
metal piece 11 approaches to the coil 23, the potential
of the median point M is increased progressively from
the threshold level, becoming maximum when the metal
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piece 11 is at a position P2 closest to the coil 23.

Then, if the metal piece 11 approaches the coil 24
from the position P2 closest to the coil 23, the coil 23 is
moved away from the coil 23, so that the magnetic reluc-
tance of the magnetic circuit of the magnetic flux tra-
versing the coil 23 is increased, such that the number of
lines of the magnetic flux afforded by the magnet 25 is
decreased. Conversely, the metal piece 11 approaches
to the coil 24, so that the magnetic reluctance of the
magnetic circuit of the magnetic flux traversing the coil
24 is decreased. Thus, the impedance of the coil 23 is
increased, at the same time as that of the coil 24 is
decreased. Thus, as the metal piece 11 approaches
from the coil 23 to the coil 24, the potential of the
median point M is progressively decreased. When the
metal piece 1 reaches a mid position P3 between the
coils 23 and 24, the potential at the median point M is at
the threshold level, becoming lowest at a position P4 of
the metal piece 11 closest to the coil 24.

When the metal piece 11 is moved from the position
P4 closer to the coil 24 t a position P5 in which the metal
piece 11 is close to none of the coils 23, 24, the mag-
netic reluctance of the magnetic circuit of the magnetic
flux traversing the coils 23, 24 ceases to respond to the
metal piece 11. Therefore, since none of the imped-
ances of the coils 23, 24 is changed, the potential of the
median point M is at the threshold level.

Thus, with the magnetic metal sensor 40, if the
metal piece 11 is moved across the coils 23, 24, the
potential of the median point m is oscillated in the plus
or minus direction with the potential corresponding to
the absence of the approaching metal piece 11 as a
threshold level. Thus, the magnetic metal sensor 40
compares the detection output on both sides of the
threshold level to detect the position of the metal piece
11 easily and reliably.

A detection output issued when the magnetic metal
sensor 40 having the separation between the coils 23,
24 set to A/2 is moved relative to plural metal pieces 11
arrayed side-by-side with the separation A between
neighboring metal pieces 11, is explained with refer-
ence to Fig.19, in which the position of the magnetic
metal sensor 40 with respect to the plural metal pieces
11 is plotted on the abscissa and the voltage of the
median point M when the coils 23, 24 in the driving
detection circuit 41 shown in Fig.16 are connected in
series with each other. The threshold level on the ordi-
nate stands for the voltage of the median point M when
the magnetic field or metal is not approaching to the
magnetic metal sensor 40, as described above.

With the present magnetic metal sensor 40, if a
given metal piece 11 is closest to the coil 23, none of the
metal pieces 11 is approaching the coil 24. Thus, when
the coil 23 is responsive to the metal piece 11, the coil
24 is not responsive to the metal piece 11. Therefore,
the potential of the median point M as a detection output
is larger than the threshold level.

Also, with the present magnetic metal sensor 40, if
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a given metal piece 11 is closest to the coil 24, none of
the metal pieces 11 is approaching the coil 23. Thus,
when the coil 23 is responsive to the metal piece 11, the
coil 24 is not responsive to the metal piece 11. There-
fore, the potential of the median point M as a detection
output is smaller than the threshold level.

Therefore, if the magnetic metal sensor 40 is
moved relative to the plural metal pieces 11, arrayed
side-by-side with a separation A between neighboring
metal pieces 11, there is obtained a signal oscillated
vertically about the threshold level as a detection out-
put.

Fig.20 shows the relation between the potential of
the median point M between the series-connected coils
23 and 24 and the position of relative movement
between the magnetic metal sensor 40 and the metal
piece 11 for the magnetic metal sensor 40 and the metal
pieces 11 dimensioned as described above.

Thus, with the magnetic metal sensor 40, the
number of the metal pieces 11 can be detected easily
and reliably by comparing a detection output in case the
magnetic metal sensor 40 is moved relative to the plural
metal pieces 11 arranged side-by-side with the separa-
tion A between the neighboring metal pieces 11 to the
potential of the median point M for the metal piece 11
not approaching to the coils 23 or 24 as a threshold
level.

In the foregoing description, the member under
detection 1 is moved in translation in case of application
of the present magnetic metal sensor 40 as the metal
piece counter. However, since it suffices in the present
invention if there occurs the relative movement between
the member under detection 1 and the sensor 40, it may
be the magnetic metal sensor 40 that is moved in trans-
lation.

By arranging a separate magnetic metal sensor
with an offset of (m+1/4)) relative to the magnetic
metal sensor 40, where m is an integer, along the direc-
tion of relative displacement, a two-phase signal can be
produced which is made up of the signal shown in
Fig.19 and the same signal having a phase difference of
90° relative thereto. Therefore, since a signal outputting
the amount of relative movement can be produced
based on this two-phase signal, a position detection unit
can be constituted using this the magnetic metal sensor
2.

The member under detection may be designed as a
columnar member and designed for measuring the
number f revolutions or the angle.

If the driving detection circuit is wired as shown in
the circuit diagram of Fig.7, and the coils 23, 24 are
wired so as to be energized in the same direction, the
potential of the coils 23, 24 can be sliced at a pre-set
level to generate bi-level signals in order to count the
metal pieces.

The case in which the above-described magnetic
metal sensor 40 is applied as a proximity sensor is
explained.
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If the magnetic metal sensor 40 is applied as a
proximity sensor, it may be used in a system for judging
whether or not a robot arm has approached a pre-set
position to control the arm position or in a system in
which slack or failure in tightening a set screw mounted
on a workpiece is detected by way of checking the oper-
ational process.

If the magnetic metal sensor 40 is used as a prox-
imity sensor for metal, the coils 23, 24 may be designed
so that the polarities of the coils 23, 24 are opposite to
each other and the differential output hereof is detected
to improve the detection sensitivity.

That is, if the magnetic metal sensor 40 is used as
the proximity sensor, the switches S1, S1' are turned off,
while the switches S2, 82" are turned off, in the driving
detection circuit 41 of Fig.16, as an example, for revers-
ing the phase of the energizing current caused to flow
through the coils 23, 24. Thus, if the winding directions
of the coils 23, 24 are the same, these coils are ener-
gized by oppositely phased high frequency pulse cur-
rents. Conversely, if the winding directions of the coils
23, 24 are reversed, the coils are energized by the in-
phase high frequency pulse currents.

By detecting the difference value between the coils
23, 24, thus energized, the metal of the magnetic metal
sensor 40 an be used as high sensitivity proximity sen-
SOr.

The operation of detection by the magnetic metal
sensor 40, used as a proximity sensor, is explained with
reference to Fig.21.

Fig.21 shows a detection output produced when a
sole metal piece 51 is moved from the coil 23 to the coil
24 of the magnetic metal sensor 40. In Fig.21, the posi-
tion of the metal piece 51 relative to the cols 23, 24 is
plotted on the abscissa and the differential voltage of
the coils 23, 24 is plotted on the ordinate.

If the metal piece 51 is not proximate to the magnet-
ically sensitive unit 21
of the magnetic metal sensor 40, there is produced no
voltage difference across the coils 23, 24, with the out-
put being zero. If the metal piece 51 approaches to the
magnetically sensitive unit 21, the impedance of one of
the coils 23, 24 is increased, while that of the other of
the coils 23, 24 is lowered, because the coils 23, 24 are
of opposite polarities. The result is the increased differ-
ential voltage.

When the metal piece 51 has come to a position
facing both the coils 23, 24, the differential voltage is at
the maximum level.

Therefore, with the present magnetic metal sensor
40, it can be judged whether or not the metal piece 51
has approached by setting a voltage threshold level and
converting the detected differential voltage to bi-level
signals using this threshold level.

The magnetic metal sensor 40 can be used as a
metal piece counter 11 or as a detector for proximate
magnetic metal piece by switching the polarities of the
coil 24 by the switches S1, S1', 82, S2'. Thus, the mag-

10

15

20

25

30

35

40

45

50

55

12

22

netic metal sensor 40 having both of these functions
can be provide at low costs.

Meanwhile, in the above-described driving detec-
tion circuit 41, the comparator circuit 43 compares the
voltage at the threshold level produced by the reference
voltage circuit 42 to the voltage at the median point M of
the coils 23, 24 to convert the resulting value into bi-
level signals. Thus, if the threshold level when applying
the magnetic metal sensor 40 to a metal piece counter
differs from that when applying the magnetic metal sen-
sor 40 as a proximity sensor, it suffices if the ratio of the
resistances R3 and R4 of the reference voltage circuit
42 is changed. The ratio of the resistors R3, R4 can be
modified and set using e.g., a trimmer.

If this resistance ratio cannot be changed, the com-
parator circuit 43 is replaced by a differential amplifier
and the differential voltage is directly supplied to the
system controller which then performs A/D conversion
to collect data in order to apply the magnetic metal sen-
sor 40 to both the metal piece counter and the proximity
sensor.

The case of applying a magnetic impedance effect
device to the magnetically sensitive unit 21 of the mag-
netic metal sensor 40 is explained.

In the foregoing description, the magnetic metal
sensor 40 having the magnetically sensitive unit 21
comprised of the substantially U-shaped core 22 on
both extensions 22a, 22b of which are wrapped the coils
23, 24 is explained. However, the magnetic metal sen-
sor of the present invention may be modified so that so-
called magnetic impedance effect (MI) devices 61, 62
as proposed in Japanese Laying-Open patent Applica-
tion 6-281712 may also be applied to the magnetically
sensitive unit 21.

These Ml devices 61, 62 are formed of amorphous
alloys of Fe, Si, Co or B. These MI devices 61, 62 are
substantially wire-shaped, as shown in Fig.22. If the Ml
devices 61, 62 are fed with high frequency current in the
longitudinal direction, that is in the magnetic sensitive
direction, there are produced impedance changes with
respect to the external magnetic field applied in the lon-
gitudinal direction.

Fig.23 shows the arraying relation when the mag-
netic metal sensor 40 having these Ml devices 61, 62 is
applied to the metal piece counter.

These MI devices 61, 62 are arranged with a pre-
set width g with the longitudinal directions thereof in
parallel to each other, and are arrayed in register with
the extensions 22a, 22b. There is applied a magnetic
field parallel to the longitudinal direction by the magnet
25, such that the MI devices 61, 62 exhibit extremely
high sensitivity to the external magnetic field applied in
this direction. Moreover, the M| devices 61, 62 undergo
impedance changes with respect to the external mag-
netic field in this direction with an extremely high
change rate.

The MI devices 61, 62 are energized with the high
frequency pulse current. If the magnetic metal sensor
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40 is applied to the metal piece counter, the Ml devices
61, 62 are energized with the in-phase high frequency
pulse currents having the same direction of magnetic
sensitivity, with the polarities being the same.

If the magnetic metal sensor 40 employing the MI
devices 61, 62 is used as a proximity sensor, the polari-
ties are reversed, as in the case in which the coils 23, 24
are wrapped about the core 22, as described above.
This switching is by a switch provided in the driving
detection circuit which will be explained subsequently.

These Ml devices 61, 62 are connected over signal
lines to the driving detection circuit provided outside of
the magnetic metal sensor 40. The MI devices 61, 62
are fed with the energizing current from the driving
detection circuit which then detects an output.

Fig.24 shows a circuit diagram of the driving detec-
tion circuit for the Ml devices 61, 62.

The driving detection circuit 63 includes an oscilla-
tion circuit 34, a switching circuit 35 for switching the
energizing currents of the Ml devices 61, 62 based on
the pulse currents from the oscillation circuit 34, a
smoothing circuit 36a for detecting and smoothing an
output voltage of the MI device 61, a smoothing circuit
36b for detecting and smoothing an output voltage of
the MI device 62 and a comparator circuit 43 for com-
paring the outputs of the smoothed M| devices 61, 62.

The driving detection circuit 63 includes switches
83 and $4 for switching the direction of the energizing
currents of the Ml device 61.

The MI device 62 has its one end fed with the
source voltage Vcc via resistor R6, while having its
other end connected to the switch S3. When set to the
side of the terminal a or to the terminal b, the switch S3
connects the opposite end of the Ml device 61 to the
switching circuit 35 and to the power source, respec-
tively.

The resistor R5 has its one end connected to the Ml
device 61 and its other end to the switch S4. When set
to the terminal a or to the terminal b, the switch S3 con-
nects the opposite end of the Ml device 61 to the switch-
ing circuit 35 or to the power source, respectively.

The switches S3 and S4 are operatively associated
with each other so as to be set to the terminal a or to the
terminal b, respectively.

That is, if the magnetic metal sensor 40 is applied to
the metal piece counter and used for detecting the posi-
tion of movement of the member under detection 1 hav-
ing plural metal pieces 11 arranged side-by-side, the
switches S3, S4 are both set to the side of the terminal
a, with the Ml device 61 being of the same polarity as
the Ml device 62. The connection of the resistor R1 and
the MI device 61 and the connection of the resistor R2
and the Ml device 62 are connected in parallel between
the power source Vcc and the switching circuit 35.

If the magnetic metal sensor 40 is used for detect-
ing the proximate magnetic metal piece, the switches
83, S84 are both set to the side of the terminal b, with the
MI device 61 being opposite in polarity to the Ml device
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62. The connection of the resistor R1 and the Ml device
61 and the connection of the resistor R2 and the MI
device 62 are reversed between the power source Vcc
and the switching circuit 35 to constitute a bridge circuit.

The smoothing circuit 36a detects the voltage at a
junction point between the Ml device 61 and the resistor
RS for smoothing the detected voltage. The smoothing
circuit 36b detects the voltage at a junction point
between the MI device 62 and the resistor R6 for
smoothing the detected voltage.

The comparator circuit 43 compares the output volt-
age of the Ml device 61 smoothed by the smoothing cir-
cuit 36a to the output voltage of the MI device 62
smoothed by the smoothing circuit 36b to send the dif-
ferential voltage to the control circuit 38.

If the magnetic metal sensor 40 is applied to the
metal piece counter, the control circuit 38 converts the
differential voltage from the comparator circuit 43 to bi-
level signals, by slicing at a pre-set threshold, and
counts the number of pulses, in order to find the number
of times of detection of the metal pieces 11. The posi-
tion of relative movement between the magnetic metal
sensor 40 and the member under detection 1 can be
detected from the number of times of detection.

If the magnetic metal sensor 40 is applied to a prox-
imity sensor, the control circuit 38 detects the differential
voltage from the comparator circuit 43 to compare the
differential voltage to a pre-set threshold in order to
detect whether or not the magnetic metal piece 51 is
proximate.

The above-described magnetic metal sensor 40
can be used as the metal piece counter or for detecting
the proximate magnetic metal pieces by switching the
polarity of the MI device 61 by the switches S3, S4.
Thus, the magnetic metal sensor 40 having these two
functions can be provided inexpensively. Since the mag-
netic metal sensor 40 can use the MI device, the mag-
netic metal sensor of superior characteristics can be
manufactured at low costs.

Although the magnetic impedance effect device is
used in the magnetically sensitive unit 21 in the above-
described second embodiment of the magnetic metal
sensor 40, this magnetic impedance effect device can
be used in the above-described first embodiment of the
magnetic metal sensor 40. In this case, it suffices if a
circuit corresponding to the driving detection circuit 63
of Fig.24 in which the switches S3, S4 are both set to
the terminal b is used in place of the driving detection
circuit 30 shown in Fig.7.

The energizing current supplied to the coils or to the
MI devices may also be of a waveform composed of a
sine wave signals added to with a dc component, with-
out being limited to the rectangular signals.

Claims

1. A magnetic metal sensor comprising:



25 EP 0 880 035 A2 26

a pair of coils energized by the current of a pre-
set frequency for generating the magnetic field
in a pre-set direction;

a core formed of a high magnetic permeability
material having a first portion, a second portion
and a third portion, said core constituting an
open magnetic path in its entirety, said first por-
tion carrying one of the paired coils, said sec-
ond portion carrying the other coil and said
third portion interconnecting one ends of the
first and second portions along the direction
parallel to the direction of the magnetic field
generated by said paired coils;

magnetic field generating means for applying
to the core a magnetic field along the direction
parallel to the magnetic field generated by said
paired coils; and

detection means for detecting from said paired
coils the magnetic field which is varied by mag-
netic metal approaching to an open magnetic
path portion of said core.

2. A magnetic metal sensor comprising:

a pair of magnetic impedance effect (M)
devices fed with the current of a pre-set fre-
quency;

magnetic field generating means for applying
to said paired Ml devices a magnetic field along
the direction parallel to the direction of the sup-
plied current; and

detection means for detecting from said paired
MI devices the magnetic field varied by mag-
netic metal approaching said paired Ml
devices.

A magnetic metal sensor moved relative to a unit
under detection comprised of a plurality of magnetic
metal pieces arrayed side-by-side at a pre-set inter-
val A along the direction of side-by-side arraying of
said magnetic metal pieces for detecting said mag-
netic metal pieces, comprising:

a pair of magneto-electric conversion units
each having a magnetically sensitive portion
which responds to variations in the magnetic
field along the direction of magnetic sensitivity;
and
magnetic field generating means for applying
the magnetic field along the direction of mag-
netic sensitivity to said magnetically sensitive
portions of the paired magneto-electric conver-
sion units;

wherein the improvement resides in that
said magnetically sensitive portions are pro-
vided in said paired magneto-electric conver-
sion units so that the magnetically sensitive
portions are of the same polarity and so that
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the direction of magnetic sensitivity will be per-
pendicular to the direction of side-by-side
arraying of said magnetic metal pieces; said
magnetically sensitive portions being provided
so that the separation g’ between neighboring
magnetic metal pieces along the movement
direction is given by: where A is the above-
defined pre-set interval and n is an integer not
less than 0.

The magnetic metal sensor as claimed in claim 3
wherein said magnetically sensitive portions are
coils energized by the currents of a pre-set fre-
quency adapted for generating the magnetic field
along the direction parallel to the direction of mag-
netic sensitivity.

The magnetic metal sensor as claimed in claim 3
wherein magnetic impedance effect devices fed
with the currents of a pre-set frequency along the
direction parallel to the direction of magnetic sensi-
tivity are used as said magnetically sensitive por-
tions.

A magnetic metal sensor comprising:

a pair of magneto-electric conversion units
each having a magnetically sensitive portion
which responds to variations in the magnetic
field along the direction of magnetic sensitivity;
magnetic field generating means for applying
the magnetic field along the direction of mag-
netic sensitivity to said magnetically sensitive
portions of said paired magneto-electric con-
version units; and

switching means for switching the polarity in
the direction of magnetic sensitivity of one of
said magnetically sensitive portions of said
paired magneto-electric conversion units.

The magnetic metal sensor as claimed in claim 6
wherein said magnetically sensitive portions are
coils energized by the current of a pre-set fre-
quency for generating the magnetic field along the
direction parallel to the direction of magnetic sensi-
tivity.

The magnetic metal sensor as claimed in claim 6
wherein said magnetically sensitive portions are
magnetic impedance effect devices fed with cur-
rents of a pre-set frequency along the direction par-
allel to the direction of magnetic sensitivity.

The magnetic metal sensor as claimed in claim 6
wherein, if the magnetically sensitive portions of
said paired magneto-electric conversion units are
of the same polarity,
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said magnetically sensitive portions are pro-
vided for being moved relative to portions
under detection in a side-by-side arraying
direction of the portions under detection for
detecting said portions under detection, said
portions under detection being a plurality of
magnetic metal pieces arranged side-by-side
at a pre-set interval A, said portions under
detection being provided so that the direction of
magnetic sensitivity will be perpendicular to the
side-by-side arraying direction of the magnetic
metal pieces; said magnetically sensitive por-
tions being provided so that the the separation
g’ between neighboring magnetic metal pieces
along the movement direction is

g’ =(n+ 1/2)A

where n is an integer not less than 0; and
wherein, if the magnetically sensitive portions
of said paired magneto-electric conversion
units are of opposite polarities, the sensor
detects the displacement of the magnetically
sensitive portions of said paired magneto-elec-
tric conversion unit.

10. A method for detecting magnetic metal for detecting
a plurality of magnetic metal pieces arrayed side-
by-side at a pre-set interval, comprising:

arraying a magnetic metal sensor including a
pair of magneto-electric conversion units hav-
ing magnetically sensitive devices responding
to variations in the magnetic field along the
direction of magnetic sensitivity and a magnetic
field generator for applying a magnetic field
along the direction of magnetic sensitivity to
said magnetically sensitive devices of said
paired magneto-electric conversion units, so
that the direction of magnetic sensitivity of the
magnetically sensitive devices is perpendicular
to the side-by-side arraying direction of the
magnetic metal pieces and so that the magnet-
ically sensitive devices are of the same polarity,
said magnetically sensitive devices being
arrayed so that the separation g’ between
neighboring magnetically sensitive devices will
be given by

g’ = (n+ 1/2)A

where n is an integer not less than 0;

moving the magnetic metal sensor along the
side-by-side arraying direction of the magnetic
metal pieces;
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detecting detection signals of said paired mag-
neto-electric conversion units;

and

comparing detection signals from said paired
magneto-electric conversion units for detecting
said magnetic metal pieces.
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